C.2 Nonparametric Analysis
The nonparametric analysis, described more completely by Youden (1963) , is a method used for scoring the performance of laboratories participating in round-robin tests. Section 6.4 discusses the general concept of the method and its advantages.
For each measurement condition the participant with the highest numerical result is given the rank of one, the participant with the next highest result is given the rank of two, and so on until the lowest result is given the rank, P, equal to the number of participants reporting values for the given measurement condition. If there are M measurement conditions, a table of ranks can be constructed having M columns and P rows. This procedure is illustrated as follows:
The responses of the tissue-equivalent ionization chambers were calculated as described in Sections 6.1 and 6.4, and the values are tabulated in Table C -3. These responses were used to assign the ranks shown in Table C -4. The row of means given the mean rank for each column, (P + 1)/2. The actual score for each participant is the sum of the ranks received for each measurement condition. When no measurement was reported, a dash is entered and disregarded in calculating the score. The last column in Table C -4 gives the expected score under the condition that the ranks are distributed randomly. The expected score is equal to the sum of the mean ranks of each column in which an entry was made for the participant.
If only random differences were involved, the rank a participant received for each condition would be simply a matter of chance, the order of the participants should not persist from condition to condition, i.e. there should be no concordance.
The ranks in Table C -4 can be analyzed in two ways. In the first analysis attention is focused on the scores of individual participants. The actual score 36 received by a participant will generally differ from the expected score even if the ranks had been randomly chosen. Youden (1963) calculated the approximate upper and lower 5 percent probability limits for ranking scores, as shown in Table C -5. 15 The limits are approximate because the scores go by units and it is not possible to have them correspond to the exact 5 percent probability limit. The probability limit refers to the chance of obtaining a round robin with the observed or a more deviant score. The tabulated scores in some instances correspond to a probability somewhat more than the probability limit, and in other cases to a probability smaller than the limit.
Some judgment must be exercised in applying Table C -5 to the scores in Table C -4 since all participants did not make measurements for all conditions. The scores for CHRISTIE, NIRS, and AFRRI are underlined in Table C -4 to indicate that they are close to or outside the approximate 5 percent probability limits.
The scores of CHRISTIE, NIRS, and AFRRI may, therefore, be said to display concordance, i.e., their ranks display systematic difference at about the 5 percent probability limits. This concordance can be corroborated by a second type of analys~s involving all participants. The sum, S, of the squared deviations of the actual scores from their corresponding mean scores is calculated, as shown in Table C-6. If the ranks depend only on chance, the expected sum of squares, S', is given generally (Goodman, 1976) by S' L M 1 (P 1 3 -P;)/12
where P 1 participants have been ranked for M 1 measurement conditions and the summation includes all measurement conditions. For example, only one condition was measured by all eleven participants, three conditions were measured by ten participants, etc., as shown in the following computation for Table C -4: 15 Scores based on random rankings were determined by repeated trials (about 1000) using a digital computer (see Y ouden, 1963 Number of P a r t i c i p a n t s ------------------------------------- 
Note that S is greater than S'. Systematic differences spread the actual scores and give a larger sum of squares than S', but even for randomly selected ranks S may exceed S'. The question to be answered now is: What is the probability that the ratio SIS' will exceed some given value by chance rather than due to pronounced systematic differences (concordance)? Table C -7 (Youden, 1963) gives the approximate limiting ratios of SIS' for several probability limits.
For the ranks of Table C-4 we have SIS' = 4.01. Table C-7 indicates that even if only nine participants are assumed, there is only a 0.1 percent probability that SIS' will exceed 3.27. That is, there is less than one chance in one thousand that the ratio 4.01 occurred by chance. Concordance is therefore clearly demonstrated. Inspection of Table C-6 shows that CHRISTIE, NIRS, and AFRRI each contribute from 18 to 20 percent to the sum of the squared deviations. In principle it is possible to delete these participants from the ranking, construct, and analyze a second table. However, repeated application of the method is not an accepted statistical procedure.
